SUMMARY: Twenty Audouin's gulls, Larus audouinii, breeding in the Ebro Delta (NW Mediterranean) were radio-tracked in 1998 to study their foraging behaviour and activity patterns. Some detrimental effects of tagging on the breeding success of the birds were detected, especially when both members of the pair were tagged. The results were actually constrained by the low number of locations due to natural breeding failure and failure in tag emission, as well as the adverse effect of tagging. However, through a combination of aircraft surveys at sea and a fixed station for automatic tracking of the presence of the birds at the colony, novel individual-based information of home ranges and activity patterns was obtained. Trawler fishing activity seemed to influence both the foraging range and habitat use: while trawlers operated, gulls overlapped their fishing grounds with vessels, probably to scavenge on discards. Very few locations were obtained during a trawling moratorium period, although they were all recorded in coastal bays and terrestrial habitats. During the trawling activity period, gulls ranged over a minimum convex polygon area of 2900 km 2 . Gulls were tracked up to 40 km from the colony, but some individuals were observed beyond 150 km while still breeding. Arrivals and departures from the colony were in accordance with the trawling timetable. However, most birds also showed some nocturnal foraging activity, probably linked to active fishing of clupeoids (following diel migrations) or to the exploitation of purse-seine fishing activity. Foraging trips lasted on average 15 hours: males performed significantly shorter trips than females, which spent more time outside the colony. The proportion of nocturnal time involved in the foraging trips was the same for males and females, but whilst all males initiated their trips both during the day and at night, some females only initiated their trips during the day. Hatching success was found to be related to foraging effort by males. Gulls spent on average ca. 38% of their time budget outside the nesting territory, representing the time devoted mainly to flying, foraging and other activities.
INTRODUCTION
Audouin's gull, Larus audouinii, is an ecological outlier among the Laridae, especially with regard to its foraging ecology. This is one of the few species in the family that mostly shows nocturnal feeding activity. Some occasional observations of marked breeders more than 160 km from the colony suggest that its foraging range is very large for a gull and that it may exploit a more pelagic habitat than usual (Burger and Gochfeld, 1996; Oro, 1998a) . Moreover, the species is a foraging specialist in feeding on shoals of clupeoids (mainly sardine Sardina pilchardus and anchovy Engraulis encrasicolus) at night, taking advantage of their diel vertical migration cycles. These prey can represent more than 85% of the biomass intake of Audouin's gulls Pedrocchi et al., 2002) . This very narrow foraging niche width and specialised diet is also very rare among gulls (which usually show a very generalist diet and opportunistic foraging behaviour) and was one of the main factors proposed to explain the reduced distribution of the species and its small total population size (de Juana and Varela, 1993) . The species is actually one of the few endemic seabird species of the Mediterranean region and during the 1970s it was considered one of the most endangered seabirds in the world (Burger and Gochfeld, 1996) . However, the effective protection of breeding sites has probably led to a dramatic population increase during the last decades, especially in the western Mediterranean, where 90% of gulls reproduce (Oro, 1998a) . Cessation of human persecution was crucial (Mayol, 1986) , but the increase of food availability and a shift in foraging behaviour were also identified as key factors for this population increase. Several studies on scavenging seabirds around fishing vessels in the western Mediterranean have shown that Audouin's gulls use discards extensively and very efficiently (e.g. Arcos and Oro, 2002) . This exploitation has enhanced the breeding performance of gulls and influenced its foraging ecology (e.g. Oro, 1995a; Oro et al., 1996) . Nevertheless, little is known about the foraging range and activity budget of individual Audouin's gulls and the influence of sex and breeding status on the individual foraging behaviour in relation to fisheries. Baccetti et al. (2000) found that two Audouin's gulls breeding in Sardinia (central Mediterranean) tracked with bird-borne data loggers foraged at night and daytime at distances of up to 70 km from the colony. In the Ebro Delta colony (western Mediterranean), indirect data from counts suggest that birds may also forage during the day and at night at even larger distances from the colony, although the breeding status and features of these gulls could not be assessed (Arcos and Oro, 1996; Abelló and Oro, 1998a) .
Remote-sensing systems have been widely used to study the foraging behaviour of seabirds, due to their mobility and large feeding ranges. Radiotelemetry was one of the first systems used to track these movements, although it has been progressively replaced by other new systems owing to the difficulty in obtaining fixes offshore (e.g. Wilson et al., 2002) . However, new technologies are still too heavy for small and medium sized seabirds such as terns (e.g. Becker et al., 1993) or some gulls, including Audouin's gulls. We applied the radio-telemetry technology in a study of breeding Audouin's gulls in the Ebro Delta to obtain novel data on the foraging ecology of this seabird with regard to its feeding range and activity patterns, and the influence of trawling activity on them.
METHODS

Study area
The study was conducted in spring 1998 at Punta de la Banya, in the southern part of the Ebro delta (NW Mediterranean, 40º37'N, 00º35'E) (Fig 1.) . The area gave refuge to 11691 breeding pairs, the largest known Audouin's gull colony in the world (ca. 65% of the total population). The continental shelf off the delta extends 70 km offshore. This area is highly productive as a result of the Ebro river runoff and the influence of a shelf-slope front (Salat, 1996) . Trawler fishing vessels operate in the Ebro delta area during the day from Monday to Friday. Purse seiners also operate in the area during the night, from Sunday night to Thursday night. A trawling moratorium has been established each spring on the Ebro delta continental shelf since 1991, overlapping every year with different breeding stages of the gulls (e.g. . In 1998, during May and June, trawlers operated on the southern half of the continental shelf, but did not from the river mouth to 80 km further north. During June, trawling fishing was completely halted in the full area, from 80 km north to 115 km south of the river mouth (Fig. 1) .
Tagging
Twenty gulls (10 males and 10 females) were trapped at the nests using falling cages on 5-7 May, during late incubation to reduce the risk of desertion (Kania, 1992) . They were fitted with 15 g TXH-2 Televilt (TVP Positioning AB, Bandygatan 2, SE-71134 Lindesberg, Sweden) backpack transmitters with a 3 g silicon-tube harness. Total transmitter mass represented ca. 2% of adult body mass (average body mass of Audouin's gulls is ca. 620 g, and males are on average 15% larger than females (Oro, 1998a) ). Eight complete pairs were captured plus two males and two females from another four pairs.
Breeding success
The breeding success of every tagged bird was established by enclosing the 12 nests of radio tagged gulls with a 1.5 m diameter and 0.2 m high 1 cm mesh metal fence that was bent inward at the top. This design prevented chicks younger than 30-35 days old from escaping without preventing adults from entering the enclosure, because we provided a resting ledge at the top of the fence where birds could land before entering the enclosure. The enclosures were built up >2 days after the birds had been caught, to avoid excessive simultaneous stress of tagging and fencing. Moreover, 48 control nests of non-tagged birds were also fenced to evaluate the effect of radio tagging on breeding success. Regular checks of the enclosures allowed us to count the number of chicks < 30-35 days old at each nest.
Aerial tracking
A CESNA aircraft with a directional two-element yaggi antenna fixed on the right wing and an omnidirectional antenna on the left rear side of the plane was used to locate gulls at sea. Searching flights were carried out according to a pre-established flight pattern following 16 radial directions starting in the colony and going 58.5 km into the sea, up to the limits of the continental shelf. Each route was separated from the next by 15° (Fig. 1) . The full searching area was completely covered in four or five flight sessions of 4-5 hours from 11:00 to 15:00 h conducted on consecutive days. The full area was covered in two separate periods. The first period, from 18 to 26 May, coincided with trawling fishing activity on the southern half of the Ebro Delta continental shelf, and a fishing moratorium established on the northern half; the second period, from 8 to 12 June, coincided with a complete halt of the trawling activity in the whole area. During the first period, 1110 km (82%) were flown over trawling areas and 235 km (18%) over non-trawling areas. During the second period, 1778 km were flown over the study area, and two more flights were also carried out following the coast to the north, up to 185 km from the colony, in order to locate birds that eventually foraged in areas beyond the trawling area around the Ebro Delta. Ranging areas were determined by the minimum convex polygon (MCP) (Kenward, 1987) encompassing all the fixes of foraging birds, including the colony. To assess the main area in which trawlers were available, the location of trawling hauls was recorded using GPS during 7 trips onboard trawlers from the two closest main fishing harbours operating during this study (J.M. Arcos, pers. com.) .
Automatic tracking and activity pattern
A fixed Televilt RX-900 receiving station provided with a data-logger and powered by solar panels was installed at the centre of the colony. The receiver was set to sequentially scan the 20 frequencies, each for 60 seconds, twenty-four hours a day. The receiver was set so that only birds on land and within a 500 m radius from it were detected. Each time a given frequency was detected, the frequency, date and time of day (GMT) were recorded, in addition to the amplitude, period and intensity of the signal. Thus, for each bird it was possible to plot the strength of the signal received against time. The individual interpretation of these plots allowed the arrival and departure times of the birds in the colony to be established. The presence or absence from the colony of the tagged birds was recorded from Saturday 9 May 00:00 h (GMT) to Saturday 16 May 12:00 h (GMT), when all pairs were still incubating. Total automatic tracking time was 180 h. During this period, sunrise time was 04:48 h and sunset time was 19:02 h. These times were used as threshold values between daylight and nighttime.
Statistical analysis
For most analyses, non-parametric rank tests were used due to the nature of the data (count data not normally distributed) and the reduced sample size, which also determined the use of Fisher exact tests in contingency tables that show some cells with low observed frequencies.
RESULTS
Of the 20 tags, only 14 worked uninterruptedly during the tracking period, and their signal was received for periods ranging from 22 to 59 days (average 32 ± 11 days) before the birds were lost. Three transmitters failed abruptly within a period of 2-8 days after tagging, and three transmitted intermittently for periods of 5-29 days after tagging.
Effect of tagging on breeding success
Hatching success was similar in control pairs and in pairs in which only one member was tagged (Fisher exact test, p = 0.85), but a significant difference was found in the proportion of pairs hatching eggs between pairs with one or with two tagged birds (Fisher exact test, p = 0.03) ( Table 1) . Of the 12 breeding attempts involved in the study, only in 4 was the contact with the tagged bird lost before the breeding failure occurred. In the remaining 8 cases, the tagged birds were detected alive after breeding failure. Among the 8 complete pairs that were tagged, only in 3 did the transmitters of both members of the pair work uninterruptedly during the continuous tracking period. Only in one of these pairs did we record the simultaneous absence from the colony of both male and female during this period. This pair left the nest unattended for periods of 2.16-5.6 h on five occasions during the continuous tracking period, and no chicks hatched. The other two pairs never left the nest unattended, and both hatched chicks.
Home range and habitat use
During the aircraft searches, we obtained 42 locations during the trawling activity period and 5 during the trawling moratorium period. Seven birds were never located (including three for which the tags were not working at all and three which worked only intermittently). For the remainder, we obtained 2-7 locations per bird (Fig. 2) . During the first aircraft searching period, we obtained locations for 13 of the 14 birds for which the tags were working. During the second period, only 3 animals were located, all of which had also been located in the previous tracking week.
During the partial trawling activity period, gulls ranged over a minimum convex polygon (MPC) area of 2900 km 2 area (Fig. 1) . Foraging birds ranged between 5 and 40 km from the colony (Fig.  3) , but may even have gone beyond, as the histogram does not show any declining trend on the right hand edge. During the fishing activity period, 27 (57%) of the aircraft locations corresponded to birds in the colony and 15 (43%) to foraging birds. Of these, only 1 involved a bird at sea within the moratorium area, 2 occurred on the delta rice fields, 1 on the Alfacs Bay, and 11 at sea within the fishing activity area. During aircraft searches conducted within the full fishing moratorium period, we obtained five locations, corresponding to three birds (of which only two still had chicks). Three were of birds in the colony and only two of birds looking for food, both in the delta area on terrestrial habitats, and none at sea (Fig. 1) . During that week, however, only two birds were still breeding and carrying an active tag. The remaining 18 birds either carried a failed tag (6) or had already deserted (12). Considering both periods together, of the 17 aircraft locations of gulls outside the colony, 8 were found associated with trawlers, 4 at open sea not associated with trawlers, 2 on the delta bays, and 3 on rice fields (Table 2) . For the 9 birds that were located from the aircraft on at least one occasion outside the colony, 89% were found at open sea, mostly in asso-FORAGING BEHAVIOUR OF AUDOUIN'S GULLS 609 June 1998. The "Locations" column refers to the number of radiolocations corresponding to a given habitat. The total for this column corresponds to the total number of radiolocations (n=17). The "Individuals" column refers to the number of tracked individuals (n=9) that made use of a given habitat. Because one individual can make use of several habitats, the total for this column is larger than the number of individuals tracked.
Locations Individuals (n = 17) (n = 9) ciation with trawlers. The use of rice fields was proportionally more important than the use of bays, both in terms of locations and individuals involved (Table 2 ).
Activity patterns: presence at the colony, departure and arrival times
The presence and movements of the gulls at and from the colony were tracked for 7.5 days from 9 to 16 May. The number of radio tagged gulls at the colony seems to follow a 24 h cycle, with a main peak at midnight, a minimum at dusk and a secondary peak around mid-day (Fig. 4) . Male departures from the colony took place mainly after midnight (00:00-06:00 h) and in early afternoon (12:00-14:00 h), whereas female departures took place mostly in early morning (04:00-08:00 h) and early afternoon (12:00-14:00 h) (Fig. 5) . The individual percentage of nocturnal departures was significantly lower for females (17%, range: 0-50%, n = 7) than for males (47%, range: 25-67%, n = 9) (U MannWhitney, z = -2.358, p = 0.018). Individuals in our sample could be classed either as all-day-leavers (individuals that initiated foraging trips either at day or at night) or as exclusive daylight-leavers (birds that initiated foraging trips only in daylight). All males (n = 9) behaved as all-day-leavers, whereas 57% of the females (n = 7) were exclusive daylight leavers (Fisher exact test, p = 0.019). As a result, most nocturnal departures (79%) were undertaken by males. Arrivals of both sexes took place mainly during the evening between 16:00 and 24:00 h, though males also showed a peak of arrivals in the early morning (06:00-10:00 h), probably complementary of the early morning departure peak of females (Fig.  6) . The individual percentage of nocturnal arrivals was significantly higher for females (76%, range: 33-100%, n =7) than for males (45%, range: 0-100%, n = 9) (U Mann-Whitney, z = -1.980, p = 0.048). Among females, 3 were exclusive night-arrivers (returning to the colony exclusively at night). , with a median of 5.6 h, which was significantly shorter than for female trips (23 ± 20 h, n = 25, range: 1.3 -62.9 h, median = 12.9 h) (z = -3.22, p = 0.001). During foraging trips, one male was located in the Llobregat Delta, >150 km north of the colony. This male was again at the colony 15 days later, and had chicks on its nest until at least 18 days later.
Frequency and duration of foraging trips
Individual activity budget
On average, gulls spent 38 ± 19% of their time outside the colony site (n = 16, range: 10-76%). Although non-significantly, females spent more time outside the colony (46 ± 24%, n = 7, range: 10-76%) than males (33 ± 11%, n = 9, range: 14-47%) (z = -0,9 p = 0.368). Males at nests where eggs hatched successfully spent more time outside the colony (40 ± 9 %, n = 4, range: 29-48%) than males at nest where no chicks hatched (27 ± 12%, n = 5, range: 14-46) (U Mann-Whitney, z = -1.960, p = 0.05). No such difference was found in females. The percentage of activity time corresponding to nighttime was 37±14 % (range: 16-66%), and showed no difference between males and females or between nests where chicks hatched and those where no chicks hatched. The duration of trips was significantly correlated to the total time outside the colony for males (r s = 0.80, p = 0.010) but not for females (r s = 0.50, p = 0.253). The number of trips conducted by the males was inversely correlated with the average duration of these trips (r s = -0.76, p = 0.016) and directly correlated to the duration of female trips (r s = 0.79, p = 0.033). Compared with all-day-leaver females (females that initiated foraging trips both during the day and at night, n = 3), exclusive daylight leaver females (females that initiated foraging trips only during daylight, n = 4) tended to conduct fewer (2.25 ± 0.96, range: 1-3 vs. 5.33 ± 1.53; range: 4-7) but longer (32 ± 15 h, range: 9.5-42.4 vs. 20 ± 13 h, range: 10.0-34.2) trips, and their males tended to be more nocturnal (47 ± 13%, range: 31-60% vs. 27± 11%, range: 16-38% of activity during the night). Although non-significantly, hatching success was higher among all-day-leaver females (2 out of 3 nests hatched) than among exclusive daylight leaver females (1 out of 4 nests hatched).
DISCUSSION
The interpretation of our results is constrained by low sample size. We failed to track many birds because of technological problems and, to a lesser extent, because of problems in the sampling protocol. Tagging may have had some effect on the breeding success of Audouin's gulls, especially when both members of a pair were tagged (Amlaner et al., 1978; Kania, 1992; Colwell et al., 1998) . Similar remote systems applied to close related species, such as herring gulls Larus argentatus, also showed some detrimental effects (McCleery and Sibly, 1986) , most probably linked to harnessing (Massey et al., 1988) . In one case we found a flightless bird with the harness blocking the movement of a wing. Some observations such as birds spending time preening and trying to remove devices were also made, but their effects on foraging behaviour normal patterns could not be evaluated. However, in 1998 food availability was extremely low, as suggested by many indicators, some of them independent of our study on telemetry (Genovart et al., 2003) . This severely affected the breeding success at the colony, causing premature migration and precluding a more prolonged and powerful analysis of activity and foraging patterns in different conditions. Fencing could also have been an additional source of disturbance when carried out just after the catching of one or two adults. Our enclosure method is the best compromise between time devoted to setting up the fence and disturbance to birds. We have tested the effects of fencing on reproductive success since we set up fences since 1992. In 1998, we estimated breeding success also by using other simultaneous approaches (capture-recapture, fencing enclosing a group of nests, direct observations from a hide) and all of them showed a very low breeding success (Oro, 1998b) , which was more probably associated with the bad environmental conditions that year.
The results suggest that trawling can affect several features of the foraging ecology of gulls breeding in the Ebro Delta. During the trawling period, the activity of the gulls at sea was concentrated in the area where trawlers were operating (Fig. 1) . As a result, the foraging ranges were probably smaller here than in other colonies (Burger and Gochfeld, 1996; Oro, 1998a , Baccetti et al., 2000 . Maximum foraging activity (as number of birds outside the colony) took place every day in mid-morning and mid-afternoon, whereas minimum activity occurred at midnight, suggesting that gulls may adjust their timetable to that of trawlers (Castilla and Jiménez, 1995; Oro, 1995a; González-Solís et al., 1999; Abelló et al., 2003) , but also to that of purse-seiners or diel (vertical) migrations of cupleids (with one peak at dawn and another at dusk), which would explain why some birds leave the colony at or just before dawn, or arrive just before midnight. In the study area, Audouin's gulls probably exhibited a more marked pattern of diurnal activity than in other areas where fishing activity is not relevant for gulls (Gonzalez-Solis et al., 1999) . Many seabird species obtain large amounts of food as discards from fishing vessels (e.g. Furness et al., 1992; Thompson and Riddy, 1995; Garthe et al., 1996; Walter and Becker, 1997) , a foraging resource that is much easier to obtain than the food obtained through "natural" feeding techniques. In the western Mediterranean, this resource is also very predictable both in space and time, especially for trawlers, which always operate in the same fishing grounds off the harbours and in the same timetables (Martín, 1989; Oro, 1995a; Martínez-Abraín et al., 2002) . This factor probably enhances the learning of feeding locations, increasing foraging efficiency (see also Becker et al., 1993; Irons, 1998; Hamer et al., 2001; Hedd et al., 2001) . Nevertheless, even when the main foraging resource was available (i.e. trawlers operating), some individuals still showed nocturnal activity linked to the feeding specialisation of the species, or to the exploitation of purse seine activity (Oro et al., 1997b; Arcos and Oro 2002) .
Our study also confirms previous results based on counts and diet analysis (Arcos and Oro, 1996; , indicating that during the trawling moratorium period, some individuals were located far from the colony, probably looking for discards in areas where trawlers still operated, at recorded distances of up to 150 km. Audouin's gulls show larger foraging ranges (probably due to a higher ratio of wing surface relative to body mass) than terns and other gulls (e.g. Morris and Black, 1980; Fasola and Bogliani, 1990; Becker et al., 1993; Irons, 1998; Ostrand et al., 1998) . When the main foraging resource (such as trawler discards) disappears or declines in a seabird community, the species with larger foraging ranges have higher buffering capacities for finding alternative food resources (e.g. Crawford and Shelton, 1981; Fasola et al., 1989; Oro, 1999) . This is probably why Audouin's gulls show higher breeding performances than other gull species at the Ebro Delta colony when a trawling moratorium is established (see Oro, 1999 , and references therein).
During the trawling moratorium, no tagged gulls were located foraging at open sea. Some other studies in the same area, however, have shown that gulls still forage at sea even when trawlers do not operate (Oro, 1995b; Abelló and Oro, 1998a; Abelló et al., 2003) , probably taking advantage of the relatively high natural production of the continental shelf (Estrada, 1996) , or in association with purse seiners (Arcos et al., 2001) . Our results, then, are probably the consequence of birds leaving the colony after reproductive failure (Oro and Martínez-Vilalta, 1994) , rather than a change in foraging behaviour associated with the trawling moratoria.
The length of foraging trips of Audouin's gulls in our study was three times higher (15 h on average) than that obtained by on the basis of nest watches, and also much higher than that recorded (using remote sensing systems) in other colonies (Baccetti et al., 2000) or in closely related species (Morris and Black., 1980; McCleery and Sibly., 1986; Anderson and Ricklefs, 1987 ; Becker et al., 1993; Garthe et al., 1999; Hamer et al., 2001) . Even though most results in our study were recorded during incubation, when trips of seabirds are normally longer than during the chick rearing stage (Morris and Black, 1980; Hedd et al., 2001) , longer foraging trips probably indicated a relatively low food availability that lasted up to the end of the breeding season (see also similar results in Morris and Black, 1980; Bukacinska et al., 1996) . Breeding success in 1998 was actually the lowest since 1991 (Genovart et al., 2003) , when the trawling moratorium was first established, and significantly lower than those recorded during the study of (χ 2 =81.92, p < 0.0001). However, more data on foraging ranges from different colonies and different years could show how this top predator utilises food resources.
Audouin's gulls in the Ebro delta showed sex differences in the activity pattern, unlike the observations for closely related species such as herring gulls (e.g. McCleery and Sibly, 1986; Bukacinska et al., 1996) . Females of Audouin's gull conducted slightly less frequent, but much longer bouts than males. These differences could be related to sexual size dimorphism, which may influence different foraging patterns and habitats (e.g. González-Solís et al., 2000) , but also to other sexual differences not related to body size (Lewis et al., 2002) . They could also be the result (at least partially) of a higher detrimental harnessing effect on the smaller sex (i.e. females). Males also showed a stronger tendency to leave the colony during the night than females, some of which only started foraging trips during the day. Male foraging activity during incubation appears to be crucial in determining the incubation outcome. The fact that females that never initiate foraging trips at night tended to have lower hatching success than females that initiated foraging trips both during the day and at night, and that the former behaviour is associated with increased male nocturnality may indicate that this pattern of female activity may be caused by inadequate incubation switching during the night. Our results might also have consequences for conservation, since many adults are caught in long-line fisheries, especially at sunrise (Belda and Sánchez, 2001) , and this might affect one sex more than the other. Different sex mortality has been recorded in some Procellariiformes species, with detrimental consequences on their population dynamics (e.g. Weimerskirch et al., 1997; Ryan and Boix-Hinzen, 1999; Nel et al., 2002) .
